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How to reduce the energy costs of food 








Pierre SCHUCK - pierre.schuck@rennes.inra.fr 
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Please visit http://www6.rennes.inra.fr/stlo_eng 
80 standing fellow workers 
25 PhD students 
Science & 
Technology 
of Milk & Egg 
Dairy Platform  
 Structuration / destructuration mechanisms of 
food matrix: from structural characterisation to digestion 
 Dairy processing and cheese making: toward 
sustainable dairy systems 
 Microbial interaction: food matrix and host  cell 
 Biological Resource Centre  
A multidisciplinary and multiscale approach, 
reinforced by two high-calibre facilities:  
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Backgrounds & Objectives 
_01 Bionov© 
4 
JUIN 2016 http://www4.rennes.inra.fr/stlo www.lisainfantmilk.com 
 Spray drying is a useful technique for water evaporation 
using hot air, but very black box in nature. 
 The first way to determine a priori & precisely the parameters 
of spray drying for food products is via pilot / plant experiments 
 expensive, time consuming, empirical & sometimes 
unreliable. 
 
 So the question is “how to anticipate the behaviour of dairy 
products to drying ?” 
 To date, there are 4/5 methods available to determine 
precisely the parameters of spray drying for food products 
before drying. 
Introduction (1) 
 The other ways are  spray drying modeling based on drying 
physics (transport phenomena, fluid mechanics, heat and mass 
transfer, reaction engineering, particle engineering as well as 
material science ) 
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 Why ? 
• Kinetics of mass / heat transfer 
phenomena and drying behaviour 
depend on the water availability  
 needs extra energy to overcome 
binding of water  
Introduction (2) 







Drying hot air 
 = 200°C; Pe = 1554 Pa 
Heat  
transfer 
Surface of the droplet 
h = 45°C; Pe = 9853 Pa 
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Concentrate desorption by aw-metry 
ZEOLITE 
ZEOLITE SENSOR  
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) Constant rate :  
free water 
Step : 
Desorption curve vs. time 
WATER 
CONCENTRATE Falling rate :
bounded water 
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Step : 
Desorption curve vs. time 
WATER 
CONCENTRATE 

















































  DE 
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Step : Calculation by INRA Software SD2P® 




Version 5.0   2010
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Pilot workshop : Research 
and development for 
evaporation / drying 
"MSD type" drying tower 





          Materials 
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y = 0.9917x 
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mRH (%) – T (°C)
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[Concentrate] 
(, TS,    ) m 
 
Powder 
(, TS,    ) m 
 
Outlet air 
(, AH, H,    )2 m 
 
(, AH, H,    )0 m 
 Inlet air 





(, AH, H,    )1 m 
 
(, AH, H,    )1 m 
 
(, AH, H,    )1 m 
 





How to optimize the energy cost of spray 
drying of dairy products ? 
Schuck P. et al. Thermohygrometric sensor: a tool for optimizing the spray drying process. Innov. Food Sci. and Emerg. Technol. 6, 45-50 (2005) 
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How to optimize the energy cost of spray 
drying of dairy products ? 
By variation of drying parameters and concentrate 
parameters with the helpful on the INRA software (SD2P®) for 
prediction. 
 High interest of the IFB for easy (drying) or difficult 
(cooling) product to spray dry, 
 Interest of the dehumidification the air  To increase the 
production  To have regular spray drying parameters (Major 
air) and  To decrease the powder temperature (IFB).  
 High interest to increase, the TS of the [C] and the T°C of 
the inlet air before heating, 
But to optimize,  don’t forget to take into account the cost 
of the investment that you have to realize and the quality of 
the dairy powder too. 
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Eric BLANCHARD 
e.blanchard@lisainfantmilk.com 
Version 5.0   2010 
SD2P® 
 Validation tests (>100 products) indicate that this method could be applied to a large 
range of food products & spray dryer types. 
 For reasons of calculation speed and reliability, the method has been computerized. 
Spray Drying Parameters Simulation & Determination Software (SD2P) 
N° IDDN.FR.001.480002.003.R.P.2005.000.30100  
 With this method, it is possible to predict 
and optimize the spray drying parameters 
(± 1-5%) for food products in relation to 
their desorption behavior 
 Up-to-date, 31 licenses have been sold at 24 factories [80% Dairy (4 of the Top 5 and 9 




 Top 1 for Inra licenses and Top 15 for Inra licenses and patents, since 1946 
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